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The ra,te of vaporiz9-tion is read directly by employing a self-built time derivative computer, which can read rates as low as 10 micrograms per minute. The computer makes it possible to investigate the vaporization kinetics of a material over three decades in rate, using a single sample, in a matter of hours. With the computer, it is possible to know exactly when steady-state conditions have been established.
In addition to studying the vaporization of a material in vacumn, it is often of interest to investigate the way that certain gases may affect the rate. It has proved possible with this equipment to introduce gases into the chamber at pressures up to 100 microns and use the direct rate readout to follow transient as well as steady-state effects. The system to be described was designed to undertake studies at these lo~r temperatures. It has been used to investigate ice vaporization over the temperature range -90C to -4oc,_ but should serve equally well for other materials down to perhaps LN temperatures.
II. SYSTEM REQUIREMENTS
In order to carry out meaningful free vaporization studies, under welldefined conditions in a reasonable length of time, certain requirements must be met:
1. Vacuum. The mean free path of molecules in the vicinity of the vaporizing surface must be large compared to the size of the sample, so that the rate is not diffusion-controlled. This means an ambient pressure below about 50 microns. In addition, the molecular flux striking the vaporizing surface must be negligible --say lo/o or less of the vaporizing flux --or else its magnitude and identity must be known. Even then there are rarely enough condensation data to adequately predict the effect of a return flux, and so the best procedure is to minimize its value., This means that very little of the vaporizing flux should be allmred to return to the surface --it must be effectively pumped. •
The thermocouple attacrunent feature of the Cahn Electrobalance has 1 2 been reported before ' , but has not been adequately appreciated. The instrumentation for obtaining direct rate readout will be described . I
later in this paper, as will be the balances temperature coefficient.
4. Heating. In addition to knowing the temperature of the sample, it is necessary to be able to control it, and it would be desirable to control it to within O.lC. The temperature reached by a sample in a vacuum is fixed by a heat-flovr balance of conduction, radiation, and evaporative cooling. Ordinarily, it is desirable ~nd possiblelto J minimize conduction, because it can cause temperature inhomogeneities.
The low-temperature limit attainable for a given material in a vacuum is determined by the s~ecess in reducing the radiation and/or conduction from the sample's surroundings, that is, in minimizing the amount of warm surroundings.
The high-temperature limit isset by the success in supplying adequate radiant energy to the surface. At both limits, there are the additional constraints of not impeding the vapor flow, not producing unmanageable temperature gradients, not making the equipment unwieldy) and making measurements in a reasonable time span. For ice, the temperature limits are roughly -90C and -4oc. III. SYSTEM DESCRIPTION The equipment to be described meets these stated criteria. Figure 1 shmvs a block diagram of the system. It should be noted that the thermocouple is embedded in the back surface of a cylindrical sample, and that vaporization occurs from the opposite front face. All but the vaporizing surface is wrapped in aluminum.
1. Sample Preparation. The techniques used to prepare a sample for a vaporization study will depend on the material. The procedure used for ice is outlined in Figure 2 . The prepared sample is an oriented single crystal, with a single face of unvarying area exposed.
The ice is grovm in the manner suggested by Jona and Scherrer. 3
The transparency and birefringence of ice permits selection and orientation of a single crystal by optical methods. 4 An aluminum sleeve is melted down into the ice, and the ice outside the sleeve is then chipped away. A 40-gage (0.003 in.) copper-:constantan thermocouple is placed on-the back face and frozen in place with a fevr drops of water.
Aluminum foil is placed over the back and secured by a clip which also serves as a suspension hook.
While the sample is being installed in the vacuum chamber, it is partially surrounded by a miniature cold chamber which is removed just prior to pumpdmm ..
2. Chamber. Figure 3 .sho~Vs the microbalance installed in the vacuum chamber. After the sample has been hQ~g and the thermocouple connections Notice that the sample is hung quite near to the balance arm, in the same chamber, and several centimeters from the nearest wall. There is no long hane,Uown or tube, so that pumpdown rate and accessibility are -6
maximized. The ambient pressure during normal operation is 10 torr.
3· Heating and Thermometry. Figure 4 shows the sample and environs more clearly. In order to minimize temperature gradients, it was found necessary to supply heat radiantly to the vaporizing surface.
The heater is a small coil of wire, designed to offer the minimum impedance to the vapor flux. It supplies the necessary sublimation pmver to the vaporizing surface to maintain the desired temperature. ·In principle, a time derivative computer, or differentiator, is a two-component device, also knmm as a high-pass filter (see Fig. 6 ).
Further discussion of the practical considerations for a working differentiator are given in the Appendix.
The present system contains the balance as revrired (Fig. 5b ) with the filter shown in Fig. A2 (without follower) and a differentiator similar to that shown in Fig. A4 . The measured noise levels are: balance, ± lJ-Lg; differentiator" ± lJ-Lg/min. Figure 7 shows the results obtained for single crystal ice over the temperature range -90C to -4oc. The points shovm are representative of those obtained with a large number of samples; they were obtained using just tvro.
IV; RESULTS AND SUHMARY
The equipment which has been described is capable of rapidly producing valuable information on the kinetics of low-temperature vaporization over a broad range of temperatures and rates. A satisfactory rate versus temperature curve can be obtained >'lith one sample in an afternoon. .
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-8-UCRL-19017 APPENDIX. FILTERS MTD DIFFERENTIATORS 1. Filter. Differentiation tends to emphasize the noise in a signal, and so it is necessary to remove the high-frequency components of the balance signal before it is supplied to the differentiator. A simple passive low-pass filter to do this job is shown in Fig. Al. It will be seen that this filter is the inverse of the differentiator, and it may be thought of as integrating out the higher frequency noise. The time constant
•. is equal to RC; (if R is in megohms, M, and C is in microfarads, flf, 1 then •. will be in seconds), The larger the value of •., the lower the With a suitable follower as indicated, it could be used as an additional, external filter for the weight signal to the recorder if desired.
A follovrer featu:res the possibility of gain, and an output impedance of less than one ohm. Thus any recorder (including a 10 mV.one) can be used; the only limitation is that it not exceed the follower's current capability. The true weight signal itself will be unattenuated for any amount of filtering chosen. The current i that flo'vS in the differentiator. is given by:
it is independent of the value of R. If C is in microfarads, and d e. is in microvolts per second (fJ-V/sec); then i will be ·in picoamps dt ~n (pA).
To consider the limits of the differentiator, it is necessary to state some conditions:
i) For the Cahn RG it is approximately true that the rate in 1-lg/min.
is numerically equivalent to the rate in 11V/sec.
ii) The largest quality non-polar capacitor available has a value of 10 f.lf. Only polystyrene and mylar capacitors are suitable.
iii) The input impedance of a good one-mV. recorder is on the order of a megohm. Therefore the source resistance of the differentiator should not in the worst case exceed this value, and it is desirable to have it much smaller. a. Passive differentiator.
In Fig. ~6 ) suppose R = 1M and C = 10 IJf. The time constant 'd is then 10 seconds, and the rate necessary to produce a 1 mv. output is 1 mV / 10 or 100fJ-V sec. sec .
The corresponding weight-rate is about lOO~Lg/min, and the corresponding current flmr is lOOOpA, or lnA. The passive differentiator features simplicity and absence of noise contribution; it tends to suffer from high output resistance, zero shifts and calibration difficulties .
b. Active differentiator.
If an operational amplifier is used in a circuit such as is shmm in Fig. A3 , the resultingactive differentiator overcomes some of the problems inherent in the passive modeL The differentj_ator currents • \..)
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